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JUMMARY

Onduy 21, 1986, theNationd Ingtitute for Oooupetiond Sefety and Hedth (NIOSH) recdved arequest to
evauete cooupetiond exposuresto raw and dried egg produds a the Ballas Egg Produdsplart in Zanesiille, Ohio.
Woarkesa agmilar plant hed previoudy been documented to have IgE-mediated oooupetiond ashmafrom
arbomeegg praienexpoare: Theintiant of thisevaugionwesto replicate the previousfindings and ddeminethe
risk for Ige-mediatad cooupetiond ethmaamong employessof the Bdles Egg Produdsplat. Aninitid Stevist and
wak-through survey were conducted by NIOSH personnd on September 18, 1986. A combined medicd and
indudrid hygene aurvey was undartaken during Feruary 23-26, and March 35, 1987.

Employess expoaresto dilaideionsand add gesssweredl bdow gopicabledandards Ambietar
conaartration of dlarideionswaslessthen 0.065 milligrams par aubic meter (mgfin?). Ambient &ir concartration of
hydrodhlaric add (HCL ) waslessthen 0.36 mgin?. Ambiant ar conoartration of uifuricadd (H,30,) wesless
then 048 mgin?. Threeareasamplesfor total aerosl mess conoanirations exossdad recommended limitswith
levdsranging from 11 to 31 mgi?’. Camesponding samplesfor regpirableasrosol mess conoantrationswaredl
bdow recommended limitswith levelsless then 0.66 mgin'™.

Ambiet air conoantrationfor totd pratein ranged from 017 to 130 mg/n. Resairablepratein conoarntrationswere
dl lessthen 0.77 mg/i®. Ambiert ar concentrations of ovaloumin, ovomuoaid, and lysozymewearelessthen 223
miqograrspa aic mae (ugn), 351 ugn, and 672 ugfin?, regoedtivdy. Thereareno goplicableexposure
dandards adificaly for tatd and reqarablepratain ar aerodlergen (ovalbuming ovamucald, and lysozyme)
expoares Theredlitsdf theandydsof bulk ssmplesdf theegg produdsindicated aprotein concentraion of 3510
81%. A sampled ussd eggweshweter contained 1 mg/ml of protan


http://www.cdc.gov/niosh/hhe

Bght employessweare deamined to have | gE-mediated ocooupetiond ashmalfram egg pratein exposure, besed
Upon questionnaire regponses competiblewith cooupetiondl asthme, aphysidansdinica higtory and examingtion
ugoestived oooupetiond adhma, and immundaogic evidance o dlergy to egg pratens (anear more positive
skinorick testsor rdicdllergosorbant tests (RASTS) to egg pratans). Sx of theeight hed pesk expiratary flow rete
(PFEFR) messramaisugoestived bronchid Idhlity, and three of these hed apettern of peek flow reate
messramat thet wes dovioudy workrdated. Theoverdl esimated prevaence of IgE-mediated oooupetiondl
aghmafrom egg pratlen expoauresa thisplant weseght peraat. Theedimeated prevdencevaied by jab
dasdfication, and washighest among egg breskas baing 16%0 for warkassin thisjab dassfication.

Onthebedsaf thesedata, NIOSH investigatars have determined thet ahedlth hezard exided among employess of
the Bdlas Egg Produdsplant in Zanesiille, Ohio, from oooupationel expoaLreto egg pratein. Recommanddionsto
reduce expoaLresto egg pratan, and for sreening of at-risk warkers aremedein Sadtion IX of thisreport.

KEYWORDS SC 2017, poutry and egg prooessing, egg pratain, egg dudt, cooupetiond adhma, agrcelergans
dhlarideions aod geses



INTRODUCTION

Onduy 21, 1986, NIOSH recaved arequest fram the presdent of Bdllas Egg Produds Corporation to evelugte
oooupetiond expoaLresto raw and dried egg produdisa the Ballas Egg Produds plant in Zanesiille, Ohio. Aninitid
stevist and wak-through aurvey were condudted by NIOSH parsonnd on Sgatamber 18, 1986. A combained
medicd andindudrid hygene survey was undataken during Felruary 23-26, and March 3-5, 1987. Each
patidpent inthemedicd sudy wesnatified of theresLitsof hisar her medicd examingtionrson Uy 27, 1987. An
ineim rgpart ummaizing theresuits of themedicd urvey wasdidributied in Octaboer, 1987.

BACKGROUND

In 1986, NIOSH rdesssd arepart of ahedth hezard evaugtion among workersat Souxpreme Bgg Produdts
Inc, inSoux Canter, lowa® Thisplant prooessssup to amillion and ahalf raw eggsesch day, into powdered
whdeegg, powdared egg yak, and liquid eggwhite Waorkersa Souxprame Egg Produdiswere complaining of
"ahmalike' symptoms induding wheszing, shartness of breeth, and chet tightness which they bdieved were
work-rdated. NIOSH invedtigetorsdetamined thet fivewarkersat Souxprame Egoshed devel oped
|gE-mediated cooupationd ashmafrom exposreto egg pratan. Thisdiseese previoudy hed nat been desribed in
theegg processng indLery. Reslitsof the sudy werergported inthe Marbidity and Martdlity Weekly Report,
reprinted inthe Joumd of the Americen Medical Assodiation, and pubdished inthe American Joumdl of Indudtrid
Medidng and the Jourdl of Allegy and Qlinicd Immundlogy.?®

On iy 15, 1986, rgresnidives of NIOSH and of the United Egg Producars Assodation met in Gindnnédi,

Ohio, todsoussthefindings of the hezard evdugtion condudied a Souxpreme Bgg Produds Itwesagred thet the
readtsof the Souxprame Egg Produdshezard evalugtion should bereplicated, to deiemineif the cocurance of five
casssof IgE-mediated cooupetiond ashmafrom egg pratain expoaured thisplant wesanisdlated inddart, or if
|gE-mediated cooupationdl asthmafrom eggsispresant anongwarkesin ather fadliies Thepresdat of Bdlas
Egg Produdts Corporation attended thismedting, and requested an evdugtion of warkasa hisplant in Zanesiille,
Ohio. Workersat Ballas Egg Products Corparation breek and separaeraw eggs and dry the ssparated whites
yaks andwhoeegg produds

PROCESSDESCRIPTION

Bdllas Egg Praducts Carporation begen aparaionsin the 1940sin Zanesville Ohio. Oparaionsinitidly were
limited to bresking and sgparating egg ydksand white: Drying of egg produdssarted inthe 1960s
Appraximatdy onemillion eggspe dey arelraken. Bresking gparationsat thepdlant aredrudured aound a
10-hour workshift,

4 daysawek, Mondaysthrough Thurstlys: Theegg drying processes are srudiured around three 8-hour
workshifts operaing 24 hourseech day. Approximetdy 100 peopewark a theplart. Typicaly, therearefour
dfficdadmindraive pasonnd, threein dipaing and recaving, threein maintenencg, D to 40inthetrande room, 12
inthebregking room, 12infamentation and dending, 12indrying, and sx innight desrHup.

Samiraler hipmanisd eggson pellesarebrought into theingoedion o "trandie™ areaby mateidshendersusing
bettery-powered manudly gperaed forklifts Casesof eggsare dacked onardler/oonveyar near awarker caled



the"loeda™. Theloeder placestwo catonsof 30 eggsper carton onto thelceding section of aweashing meching,
fromwhich theeggsare preuretically camed tothe"lesker ingoector” dtion, viasudion aups oneper egg
Fdloning rander fram the"lcede” tothe"'leeke™’, eggsare planed on aruobanzed conveyar which camesthem
into theweshing tunnd of thewashing mechine The"lesker ingoedtars' ook for egpsthet “leek” dueto aradks and
st asde aracked eggsfar menud bresking aperation. If acradked, lesking eggistoo dirty to bemenudly aracked,
itisdiscaded and sart for further processing (sgperation of liquid fram theshell, by carntrifuggtion) for sedf theliquid
ey toape food company.

Eogsarewashad in 9x autometed egg washing mechines: Withinthewedhas they areqoray washedwitha
Odtergant suiion of "Best Eggs Fus', whichisadnarineted egg weshing delargant whoseadiveingredienisare
sodum measlicateand sodum ddoraisocyanurate: Theweashwater isfiltered and rediraulated continuelly &
gopraximetdy 100 degress Fahrenhat duing afivehour oyde. Aerosdlization of theredraulated wesh weter wes
evidat duing thewdk-thraugh aurvey. After pessing through adeenwee rinsg theeggsare rayed witha
dlaineted sitizer, whoseadiveingredat issodum hypodilaite Asthey exit thewedhing tunnd of theweshing
mechineson the rubbarized conveyar, the eggsareingoedted by "canders', who look far opeditiesand check for
aaks If necessary, the canderswash eggs by hend using asoratich ped, and rinsethem under asreem of
doinaedwate. Eggstha aredill dirty, or aradked or broken, aereamoved fromtheconveyar. Othewise, they
pessthrough awindow inawdl, into the bresking room.

Onceevay haur, thelegker ingoedtors loedars and candesrataedodkwiseonthar jos: Usldly, amedhineis
run by oneloede, onelegker ingoedtar, and two candas

Thewashed and canded eggsenter the lresking room on the same continuous conveyarsthet trangoorted them
thraugh thewashing mechines They fdl antothecontinuousdheins of Sx bresking medhines: Theeggsaegripped
mechenicdly, the shdllshroken and sgparaied, and the contents dropped into ssparating aups Theyaksae
trgpped intheaups and thewhiteflosthrough. Asthe cups pessby thebresking mechine oparatar, the operaior
mug mekeadedson onthethoroughness of eech breek. If the sgparaion of ydk and whiteisdeen, thegpardior
letsthe cup pesshy, and theresulting product dreamsarethe ssparated epg yoksand eggwhites [ the sgparaion
isnat goad, or theyak ishroken, the oparator tipsthe cup, which ssndsthewhdeegg product into another
adledion sydem. Anair valve, located under theaup, blowsar acrossthebroken eggswhiledill inthe oups tovard
thenoseof theoparatar. Theopaatar, thuscan bath sseeand smdl any rattenegg. If aratten egg hes gatten through
theweehing and candling process the gparator will stop thebregking mechineand removeit.

Appraximatdy 6526 of theeggsaredried, and theret aresdld ether liquid o frozen. Eggwhitesarefermented to
removesuga, priar todying Therearetwowhitedyersand aneydlow dryer, eech of which fedsa"Ratex” or
sfter. Fdlowing sfting, thedried produdt isaugered out to peckeging. Intheblending room, drumsof dried eggydk
sdlidsare dumpad into riblbon blender with Zedex (sodum duminoslicate).

Liguid product iscamned and frazeninthe"caning roon’. Thisisnat aregular jab, andtypicaly trandfe room
persond areassgned tothisopaaion.

A deaning aew deansdl washing and bresking mechingy, begiming a 500 PM.



V.

METHODS

A ENVIRONMENTAL

FromMarch 3-5, 1987, ar sampling was conducted in the trandfer room, the bresking room,
thewhiteand yelow drye arees and theblend pedkaging room. Thesamdling foausad onthe
threemod goparent agantsinthewarkplace thet could causeinitant regairdary symptamsor
oocypdtiond aghma, namdy, dlarideions and add geses(HA and H,S0,) fromthe detargat
oution, and egg dudt from the product thedlant produces

Chaideion Twoaeasampesweaeadledad inthetrander areg usng midoggt impinga's
contaning 20ml of NeHCO,, Oneareasamplewassmilaly adlledted intheloregking room.
Thesampleswaeandyzed faloning NIOSH Method 7903, usng aDIONEX 20101 ion
dvometogygph®

Addgesss Twoaeasampeswereadleded inthetrander areg, usng slicagd sdlid sorbent
tubes and andyzed for add geses (HO and H,S0,) fdloming NIOSH Method 7903, usnga
DIONEX 2010i ion drometogrgph.®

Aaod mess Areatatd and rearddle aarosdl messsamplesweare cdlledted using tered, 37 millimeter
(mm), 50miaon pareszepaywinyl dlaide (PVO) filtes Gravimetric andysswespafamed onthe
odleded sarples Theingrumanta predision of theweighingswias 0,01 mg (NIOSH method 0600).8
For deemining theresairddlefraction, NIOSH Method 0600 wasemployed using dendard 10mm
nylongydoneswithaflowraed 1.7 litersper minute (jpm)é Thissampling rate provides ogimum
adlediondfidgency of dug patidessrdler then 10 miaosindarde. Loctioswharesardeswae
daaned areoulinedin Teble 3.

Praen Rarsond (bregthing zone) and areaitatd and repirable pratein ssmpleswere adllected on 37 mm
dassfiber filters and andlyzed for totd protein by theMiaoKjddhd method” Thereairadlefradionwes
ataned usng danderd 10 mm nylon cydoneswith aflowrateof 1.7 1pm. Locatioswheresampleswere
dotaned areoulined in Teble4.

Buk sardesdf deenand dirty snitizer weter were datained from thetrandfier and bregking rooms ad
andyzed for totd proten.

Buk ssmplesdf dried egg mataridswered o datained and andlyzed for tatd protein concentration
Aaddlegas Hgh pasord ar ssmplesand threeareaar sampesweare adlledted on Teflonfilters

Tatd agosdl concantration wes delerminad gravimericaly, and the sampleswereandlyzed for
agcellergen conoartration (ovalboumin, ovomucaid, and lysozyme) by RAST inhikition®



MEDICAL/ERDEMIOLOGIC

Themedicd rvey proosdureswearesmilar to those usad previoudy a Souxprame Egg Produds
Incorporated.! Weadminisered aquesionnéireto evay avalddleemployeed theplat, toidantify
warkeswith symptoms suggestivedf ocoupetiond adhma: Thesewerg, asdamondraed previaudy,
guisodicwheezing, shortness of bresth, and/or chet tightness, ooouing fdllowing padific edivitiesor
expoaresa work, and ooounming lessfrequently or nat & dl on daysaway fromwork and onvecaions
Weinvited dl respondentswho reported wheezing; andlor shortness of breeth and chet tightness
regardessof tempard rdaionghip towark; and an gopraximetdy egud number of respondantswith none
o thesedhest s/mptomsto patidpetein fdlon-up examirgions [Nate: Thisaitaionforindusoninthe
fdlon-up examraions dffasfromtheaitaion edabdished for thehezard evduetion a the Edhaville
Foodsplat, HETA 86-447. At Edhaville Foods the symptometic respondents invited to partidpetein
thefdlow-Up examingtions must have hed thar symptomstampardly rdated towark, inapettem as
Oesribed doove] Inthefdlon-up survey.

1 A physdan dataned amedicd hiory and examined eech pattidpant. Shewesshlinded tothe
quesioareregponsssand thereslitsof dl ather examingions Sherendared angpinion,
besed upon her dinicd examingtion, whether theexamineehed edhma, and if o0, whether the
aghmawas cooypationd or nonsoocupetiond. Shediagnosad cocupetiond aghmaiif her
dinicd higary didted symptomsasoutined dbove Shediagnosad nonoooupetiond aghmaif
therewasaprior physdansdagnossd eshmg, preceding erpoymat; or if therewesa
higory suggestiveof adhma, and thesymptomswerenat tempardly rdated towark. She
diagnosd imitant resairatary symptonsif animitant eqposrewes essly idantified by thesuiged,
sy/mpomswarepresat oninitid eqposure, symptomsgenardly begeninmmedatdy with
expoare and intensty of symptoms gpeared by hidary to corrdatewith concentration of
expoare Shenaedinher dinicd evaugtion repart, thet meny of theindividulsconddared
posshly to have oocoupetiond aghma, might be detamined to have non-oooupetiondl adhmaar
imtant s/mptoms depending onthereLits of the pulimonary fundion asssssmantsand the
immundogictesing and conversdly thet meny of theindividuelsconddered possibly to heve
non-ooaupetiondl aghmewar imtant symptoms might bedetemined to have cooupetiondl asthma,
dgpadng antheresitsof pumonary andimmundogictesting

2 Sarometry was paformed toward theend of thewark shift using an Ohio Medicd Modd 822
ary ralling sedled gairometer atached to aSairotech 220B dedicated compute. If therewes
evidenoedf any donomndity on garometric examingtion, the partiapent wesrequested toreum
thefdloning moming, preghift, for anather puimoneary fundion detemingion. Wereguired as
evidenced pumonary fundion test donamrdity, afarced exairatory vdumein onessoond
(FEVY) lessthean 80% of predicted, aforoed vitd capedity (FVC) lessthen 8% of predicted, or
anFEVI/FVCrdiolesthen 0.7°



PEFRsweare mesared saidly, usng Whight's portade mini-pesk flov metas evary three
hourswhileawekefar onewesk. Threeexhdationswererecorded eechtime and the
maximum of thethreewas acogated asthe PEFR detlemingtion. Any wheezing, shatnessof
bregth, or chest tightness expariencad concurently with eech PEFR delamingionwasdo
rgparted. Wediagnosad apartidpant to have'symptométic branchid Ihlity” if the difference
betwean the minimum and the maximum PEFR on & leedt oneday exaesded 2006 of theday's
maximum PEFR, and heldhergparted wheezing, hartness of bregth, or dhet tightness @ thettime
the PEFR reeched the cily minimum.

Skinorick tetswereadminidered and seum pedficIgE levdlswearemesared by the RAST
mahodtoapend of egg dlegans induding commerdad eggwhite, yak, andwhdeegg resgants
(prick tests Hdllige-Star (HS), Sookane, WA), extradts prepered from factory powdered eng
white yak, andwhdeeyg (pridk tedsand RASTS), and theegg fracions condlbumin,
ovabumin, lysozyme, and ovomuoaid (prick tetsand RASTs SgmaCo, S Louis MO). A
skin prick test was considered poditiveif thewhed diameter messured & leegt three millimeters
gede then thesdine contrd,, and the higamine contrd wespositive. RAST resdtswere
expressd as countspar minute of 1251-labded anti-IgE bound to dlergentooeted discs ad
weaeconsdared podtiveif thetess ssrabinding wasmorethen three sendard devidions boove
themean of non-exposed lebaratary contrds: Tatd saum IgE levdswearemeeared by
rediammuncessy. Thenamd rangewasIH25 intemetiondl unit par milliliter (U/AM), where
oelU eqds23nmg.

Sinprick tedsweareadminidaed toapend of common arbomedlergans induding

bluegrass ragwead, imathy, cat hair, house dug, dtemaia, hormodendrum, and housedut
mites(Halige-Sar). Negativeand positive contrd skin tedsinduded phogohetebuffered
sineand hidamine respedtivdy. Clinicd atopy wasdeiermined by apostivereponsetotwo or
morecommondlegas

From prior expaience we devd opad survey-besad diagnodiic aitariafor “prabele’ and "posshleeg
aghmd', possble non-oooupetiondl asthme, and possbleinitant reairetary symptons: Theeare
smmaizedin Table 7 and are destribed asfdllovs™

1

Rraoeble"egg ashmd’: Wedassfied apatiapeant sshaving probeble"egg adhmd' if: (3
he/shehed symptoms as destribed above, Suggestive of cooupetiondl asthmg, (b) the seridl peek
flow rete messLrements demongirated symptomietic bronchid I&hility onat leest oneday, and ()
therewasevidencedf IgE-mediated dlegy to egg pratan, i.e, therewes et leest onepositive
prick teg ar RAST toanegg praiein. Thisddinition potentialy misdassfiesindvidugiswith
"eggradhmd’, who during the course of the onewesk sLrnvey, werenat exposed tothe
stugion(9 whichtypicaly predpiteted their eghma. It do patentialy misdassifiesindvidLelswith
svaeand uramitting bronchoocondridion, whosearwaysdd nat affidently dilaeover the
couredf theaurvey, to demondratea 2% laallity onany onedsy. Wetherdoredasdfied as
having"probeble egg-adhmd’, partidpentswho hed competidle symptoms and evidence of
dlagy toeyg protain (aitaia(g) and (©) bove), who hed ahidiory of physdan-diagnossd
adhma, or who weretsking madicationsfar trestmant of aghmaat thetime of our survey.



VI.

2 Rossble"egg adhmd”. Wedassfied apatiapent ashaving posshleegg e’ if heldhehed
s/mptomsuggestived cooupetiond eghmaand evidence of IgEe-mediated dlegy toeg
protan, but said pesk flow deteminetionsdid nat yidd evidence of symptometic brondhid
|2hility over thecourse of our onewesk srvey. Theabsance of adequete PEFR detafor
andyssfromapatiapant westregted asequivdant to adeguate but negative deta

3 Rosshle non-oooupetiond esthma Wedassfied apatiapant eshaving posshle
nonocoupetiond adhmaif helshehed symptoms suggedtivedf agthma, goparantly unrdated to
wark; he'hehed symptametic brondhid Iability on sarid PEFR deemirgtion; but he'dhehed no
postiveprick tetsar RASTsto egg prateins

4. Rossbleinitent regaratory symptoms. Wedassfied apartiapent ashaving possbleinitant
rexaratory symptosif he'she hed episodicwheezing, andlor shortness of bregth and chet
tightness gpparatly urdated towark; he'dedid nat havesymptametic bronchid hility on
said PEFR dgamirdion o gaveusinaffidant detato andyze and helhehed no postiveskin
prick tex or RAST toegg prateins

EVALUATION CRITERIA

Asaguidetotheevaugtion of the hezards posed by theworkplace exposures NIO3H fidd g erploy
ewviromand evdugion aitaiafor essessmat of anumber of demicd and physcd egants Theeaitaiaae
intended to uggest levdsaf exposretowhich mogt workersmay beexposed up to 10 hoursper day, 40 hours
per week far awarking lifeimewithout expaiendng advere hedth effedts  Itis however, important to natethet not
al workerswill be pratected from adverse hedlth efedts even though thar exposresare maintained bdow these
levds A sl paoantage may expaienceavae hedth effedtsbecause df individud susoetiballity, apreexiging
medica condition, andlar ahypersangtivity (dlergy). Inaddition, some hezardous SUbdtances may at in combaingtion
with ather warkplaceexpoaures thegenard evironmant, ar with medications or parsord hehitsof theworker to
proouce hedlth dfedsevenif theoooupationd expoaresare contrdled & thelevd set by theaiterion. These
combinad effedsare often nat conddered intheevduation aritaia. Also, some ubdanoes are aosorbed by direct
contet with theskin and mucous mamtranes and thuspatentialy increesethe overdl eqpoare. Hrelly, evdugion
aiteiamey diengeove theyearsasnew infametion on thettaxic effeds of an egant becomeavaldde

Thepimay sourcesof environmenia evauetion aiteiafor thewarkplaoeare 1) NIOSH Recommanded
BxpoareLimits(RELSY, 2) the Amaican Confarence of Govemmentd Induetrid Hygieniss (ACGIH)

Threshdd Linit Vaues(TLVSY, and 3) the U.S Depatment of Labor, Oooupeationd Sety and Heelth
Adminigration (OSHA) Ramisshle Exposure Limits (PEL9. Often, theNIOSH RELsand ACGIH TLVsae
lower then the corregponding OSHA PELs Bath NIOSH RELsand ACGIH TLVsusudly arebessd onmaore
reoat informeation then arethe OHA PELs The OSHA PELsdso may berenuired to tekeinto acoourt the
feeghlity of contrdling expoauresin vaiousindudrieswharethe apantsare used; the NIOSH RELS by contredt, are
besad primerily on conoamsrdating to the prevention of cooupetiond diseese Inevaduding theexpoaurelevdsand
therecommendationsfor reduding theselevdsfound inthisrepart, it should be noted thet indlgtry islegelly reguired to
meet thoselevdspadified by an OSHA gandard.



A timewaghted average (TWA) expodrerdasto theavaagearbome conoaraion of asbdanceduinga
nomd 8- to 10-hour workday. Some substances have recommended shart-term exposurelimits (STELS) o
aaling vdueswhich areintended to odamant the TWA wharethare arerenognized taxic efedsfrom high
shot-tem exposres

A

Chaiceios

Thareareno goplicableexposredandardsfor dlaideions The OSHA PEL for eqpoareto dilanineis
3myi? asaadlinglevd, not to beexossdad a any time. TheNIOSH REL is1.5 mg/n? asa 15 minute
adling. TheACGIH hesnated anintended dengeinthe TLV from 3mgfin? to L5 mg/in? asa TWA
andintendsto add ashart tam expoaLrelimit (STEL) of 3.

Bxpoaureto dilainecan cause coughing, shartness of bregth, itching or buming of theeyes nosg ad
throat

Add Gass

TheOSHA PEL ad ACGIH TLV for exposureto HQ is7 mg/i? asaadling levd, not tobe
exaded a ay time ThareisnotaNIOSH REL for HG. Inhdationof HOl may causetiroet
imitation, geetritis and dhvonic bronchitis

TheOSHA PEL, ACGIH TLV, and NIOSH REL for H,30, aredl 1 mgih? as TWAS Exposureto
H,0, may cauretrachen- brondhitis inflammation of themouth (donditis), conjundivitis and geetritis™
Thesampling and andlyticdl methods uilized in thissuidy were those recommended far usewhen
sardingthear far thediaing HA, addH,SO, inagessousdate After thecontaminentsareadlleted in
aliquid or sorbent medig, agpedificioninthe desorption salutionisquentified. Thegessousconoarntraionis
then cdlaulated, assuming thet the detedted ion isrgresantaive df thetatd mdeode Honvever, duing this
sudy the detedtion of spedificionscannat be usad to caulate bedk to gas conoaniration because the
gadficiosaepat of adfferet mdeode Sncethereareno sandardsfor hdlogen argenic complexes
likethoseusadinthisplart, agraght-foward intapreaion of theresutsisnat feesble

A word case goproech would beto consder thet dl of the contaminentswerein agessous date and thet
thar dfedsareaddtive Thisconogat hessomemait inthat thesedremicasdl havebssndrownto
damordrateimtant-typesy/mptoms Thisgoproech, whichisdso suggested inthe ACGIH Threshad
Limit Veluesbookiet for 1987-1988, uilizesthefdlowing famula™

G+G +G =1
T

T, T

whaeC, = conoardionof daricd ane
whaeT, = TLV fardhanicd one

Asthefamuaimglies if thesum exosads ang, the cdlaulaied "mixture’ TLV heshbean excesded



Agod Mass

The OSHA PEL for nuisance dugtsis 15 mg/in? for totd dugt and

5myfi for theregairadlefradion. TheACGIH TLV for totd nuisanoedugt is 10 myfi?. Excessive
conograionsof nussncedugsinthewarkroomar may seioldy reducevighility, maey cause

unplessant depositsintheeyes ears and nesdl pesseges (Porland camant due), or causeinjury totheskin
o muoousmemraneshy dnamicd or medhenicd adion per sear by therigorousskindeansing
procedures necessaty for thar removal.

Proandug

Thareisno oooupetiond exposLre dandards or recommendations gpeaific for egg dudt, and no gandard
for drbomedug of arganicagin: Consaouently, the only workplaoe exposure dandard goplicdleto the
pratein and aercdllergen concantrations meesured in thisgudy st for arbome nuisance dug, which by
odfinion heslitieadvareeffect onthelungs Asnated by the ACGIH, hovever, thenuissnoedut
guiddinesarenat meart to “goply to those substanoeswhich may cause physdaogicimpainmant a lover
concantrations and for which threshaldl limitshave nat et been recommended”. ** Exposureto egg pratein
mey leedtosasitization. Allegic resdionsmey devegpin sansitized persons subssuently expossd to ey
pratlen. Sanstized parsonsmay react to dlergensat low concantrations and the responses may bedose
rdated. TheACGIH TLV for abdtilisns apratedlyticezymethus adust of agenic arigin, illudretesthe
order of megnitudedf thedudt levd thet may benecessary to pratect thewarker from resairatary
sastizaion. TheACGIH recommendsaadling limit of 0.06 ugfin? for pratedlyticenzymes of Badllus
stlis®

VII. RESULTS

A

ENVIRONMENTAL

Thethreeaeasampleshed dilarideion conoanirations (Table 1) of 0023 mg/in?, 0.066 mgyin?, and
0065 mg/i?, with an avarageof 0048 mgfin®. Two of threeareasamplesfor add geses (Tadle 2) were
non-otecteble (limit of detedtion 0.007 mgyi® for HA and 0044 myi? for H, SO,). Onesampleesch
for HA and for H,S0, weare0.036 mg/n® and 048 mg/n?, respedtively.

Thesx aeasamplesfor total aerosdl messconoaniration (Table 3) ranged from 006 mg/i? intheydlow
dryer ratex roomto 31 mg/in? in the blend padkaging room. Carresponding samplesfor reairadleasrosal
massconoantration (Teble 3) ranged from 001 g intheyellow dryer ratex roomto 066 mgfin? inthe
blend packaging room. Theaverage resoireble aarosdl messconoantration was 027 mg/in.

Persond exposure samplesfor totd protein concentration (Teble4) ranged from 031 to 048 mg/in inthe
trandfer room (seven samples callected); and from 0.17 10 0.38 mg/n for bregkers (threesamples
adlleted). Parsond exposresamdesfor theydlow dryer oparator and theydlow dryer rotex
oparaorswae0.72 mg/im? and 0.37 mg/in, regoediively. Thepersord exposuresamplefor thewhite
dryer gparator was 100 mg/n?, whilethe persond exposresamplesfor theblend peckaging room
oparator ranged from 11 to 130 g,



Areasamplesfor totd protein concentration (Table4) ware 0.23 g and 030 mgfi? intheyellow
dyer ratex room;, 8 mgfin? and 25 mg/n? inthewhitedryer rotex room; and 32 mgfin? intheldend
packaging room.

Areasamplesfor regairable pratein conoantration (Teble 4) were 022 mg/n? and 040 mg/n? inthe:
ydlow dryer ratex room, 0.72 mgfin? and 0.77 g/ in thewhite dryer room, and 035 mgin? and 041
mgi? intheblend peckaging room. Theaverageregairable pratein exposLre conoantration wes 048
g,

Ove thecourseof awark-dhift, pratein concantration in the snitizer weter fromthetrander area
inoressed from 035 mg/iml, to LOmg/ml. Pratein concantration inthe sanitizer weter from thebresking
aeainoressad from 010 mg/ml, to 064 mg/ml. (Teble ).

Buk samplesof theegg produds produced & thisplant meeared 34-8% pratan (Table ).

The 10 parsord exposresamplesfar ovalbumin ranged from 2.1 ugin for theyellow dryer ratex
operator to 161 ug/n for theblend peckaging room aperator; ovomucoid concantration ranged from
non-cetectable (1.0 ugi? limit of detection) for theyellow dryer ratex gparator to 351 ugin for thewhite
dyer operator; and lysozyme conoantration ranged from non-oetectable (003 ugyi® limit of dtedtion) to
672 ugim? for thewhitedryer gparatar (Table6).

MEDICAL/EPDEMIOLOGIC
()  CASEHISTORIES

Daafor eech patiapant inthefdlon-up survey waresummeanized intebular fomin theinteim report
digributed in October 1987. Wedgamined thet Sx partidpentsin theSudy hed “probebleegg aghd
by our survey-besad aitaia(mmaizadin Table 7). For threeof these prabebleegg adhmics the
PEFR detadhowved an dovioustampord rdaionsiptowark. Thar casehidaniesfalow. 1D numbears
carespond to the dataitabulated in theinterim report.

ID 6038 Thispatidpant hed bean employed a Balas Egg Products Corporation for lessthen
oneyed. Her jooshed induded canding, and breskingeggs Shehed a13 pack-yesr
gnoking hidary. Shedanied any pasord o family hisory of ashme, heyfever, or eczama By
quesioare, Sedaed thet during the month hewas hired, hebegen to expaienceshartness
of bresthwhich sherdated towark, and which coourred lessfrequently on daysaway from
wark thenonwarkdeys Appraximetdy fivemonthsprior totheurvey, ebegento
expaiencewhezing, which shedid nat spedifically rdaeto warkplaoe expoares
Nevathdess thewheszing ooocurred lessfreguently avay fromwork thenonworkdays She
hed natiosd daily, anitahy, runy, duify, noseand frepuent snezing a wark. Theexamining
physidan noted dight wheezing on foraed exqairaion, and besed on her dinicd higary,
conduded thet she hed imitant symptoms on cooupetiondl exposreto dlaineand to deaning
uions Honvever, theposshility of oooupetiond esthmaweas dso suggested by her hidary, and
oould nat beexduded by dinicd evduetion: Her pulmonary fundion tests (foroed sairometry)



waenomme. Ha PEFR ove ssven days demondrated symptometic brondhid lahlity
tampordly rdated towark (Hgure 1). Spadficaly, shewasexposad to egg produdtson four of
Sven days and oneech of thesefour dayshed greter then 20 paraant brondhid lhlity. On
three of seven daysshewas nat exposed to egg produdts and on eech of thosedaysher
bronchid laallity weslessthen 20 peraart. Inaddition, ontiveeof thefour daysonwhich ewes
expossd to ey produdts her peek flow traoing yidded an dovious " U-shgpad” pettem. Shehed
postiveskinaridk teststo factory whde e, fadtary egg white HSegg white and ovalbuming
Ha RASTsweredl nggdive Shehed ane positive skinHarick tet to common arbome
dlergas navdy, ca har.

ID 6050 Thisworker hed been enployed & Bdlas Egg Produds Corparation for over twernty
years asacader, abregker, and anegg ingoector. Shehed never amoked dgarettes
Appraximady 4 yearsprior to our aurvey, ehed been diagnosed by aphysdantohave
adhma Atthetimed thesurnvey, heweastaking ard theophylling albrondhadilaingdrug. As
wall, hedaad thet e previoudy hed reodved prechisoneand dbuterd by inhdlaion. She
Omied ay parsord hidory of eczamag hey feve, o aher dlerges Shehed afamily hidary of
ashmaand hay feve. By quesionare, shergoarted wheszing, shartness of bregth, and chest
tightnessthet hed begun gopraximetdy oneand aneef yearsprior toour aurvey. Thisse
rdaed to adivitiesat wark. Thewheszing and dhest tightness coourred lessfrequently ondays
avay fromwork then onworkdays However, theshartness of breeth oocurred thesame.on
deysaway fromwork sswel ssonworkdays Shedenied nesd or efes/mpamswihileat
work. Theexamining physdan found her foousad physicd examingionto beuramarkedle ad
diagnosad nonrocoupetiondl aghma: Her pumonary fundion tests (foroad garometry) were
nomel. Her PEFR deemingtion demondrated brondhid Ihility during two of four dayswhen
she hed oooupetiond expoaureto egg produds (Hgure2). Interetingly, thesetwo deysfallowed
threedaysduring which she dated shewas nat exposad to egg produdts Onthethreedays
when shewas nat exposed to egg produds her bronchid lahllity weslessthen 20 paraart. Se
westeking ord theophyllineandl daysfar which FEFR deamirgioswaemede Shehed
positivesinarick tessto HSegg whiteand egg yolk, and to condlbumin, ovalbumin,
ovamuoaid, and lysozyme: Shehed posiive RAST sto factory whoeegg and fadary egg ydlk,
condbumin, lysozyme and ovomucoid. Aswell, ehed amodaady devated taid saumIge
led.

ID 6065; Thispartiapant hed worked & Ballas Egg Produds Corporation for over tenyears
Sehadwoked ssacader, and assan egg bresker. Shehed never anoked dgardtes Se
dated thet she hed bean diagnosed by aphysdan to have aghmagpproximady threeyears
prior toour uvey. Sedmied ay paord hidary of eczamg hayfeve, ar aher dleges Se
hed nofamily hidory of agthma, heyfever, or eczama. By quesionnaire, gopraximatdly threeand
onehdf yearspriar to aur urvey, hebegan to expaiencewheszing and shartness of breath
which sherdaed towarkplaceexposres Her symptoms ooourred lessfrequently on days
avey fromwark then onworkdays Shenatiosd chest tightnessbeginning gopraximetdy two
yearspriar to our Survey, which aso coourred ater workplace exposres and lessfrequantly on
daysaway fromwoark thenonworkdays: Shedenied nesd 9/mptoms but oocasiondly hed
itdhy, wetary, or teery eyeswhilea wark. Theexamining physdan noted dignt wheszing on



foroad exiration, and diagnosed her possibly to have cooupetiondl esthmawith assodated
gnugtis andinitent symptoms on equosreto daineand deansng luiions: Her pumonaty
fundionstests (foroad goirometry) demondtrated an dodrudive pettemn. Her PEFRs
damondrated Sgnificart bronchid lablity onthree o four daysfar which shergported e
expoare(FHgured). Ondl threedayswhen shergparted no egg expoaure, her bronchid [dality
weaslessthen 20 paroat. Onadl days shewastaking bronchodilating medicaions Shehed
postiveskinarick teststo factary whdeegg, eng yalk, egg white HSwihdeegg, egg yak, and
eggwhite and to cordlbuminand ovdbuming Her ssumitaid IgE levd wasnomndl.

Three partiapentswho hed "prabellé’ cooupetiond ashmaby our survey-besad aitaria, hed bronchid
[ahlity thet did not dovioudy gopear to betampordly rdated towark.

ID 6023 Thispatidpant hed warked a Bdlas Egg Produdts Corparation for & leest 10 years
dwaysinthecandingroom. Shewasan ex-amoker, with gopraximetdy a20 pack-yeer hidory
of ancking Shedaieday previauspasord o family hidary of adhmg, hayfever, or eczama
Appraximetdy oneyear prior to our Srvey, she begen to expaiencewheszing, hatnessof
bresth, and chet tightness which Sherdated towoarkplaceexpoares Her symptomsdid not
ooour & dl ondaysaway fronwark. Shehed oocasiord itchy, rumny, duffy nosswhileat wark,
oocasord Sneezing, and oocasord itdhy, watary, o tearing eyeswhileat wark. Theexamining
physdan diagnosed inmitant symptoms onworkplace exoaures; but could nat exdudethe
posshlity of cooupetiond athmasuggested by her hidary. Her pumonary fundion tests (faroed
goromery) demondrated aredricive pettem. Her PEFR deamingionsdemongrated
sonificant bronchid Iehility on Sx of seven days induding daysbahwhendergpoted egg
exposreand when shergparted no egg exposure (Fgured). Intaredingly, ontheladt day for
whichegareaPEFR ddemirgtion, which fdlowved three dayswhen Sereported noeg
expoare ha PEFR damordraed acontinud fdl framitsmaximum toitsminimum, suggestive of
a(Monday moming) bronchooondridive pettemn. She hed ane positive skintarick test toHS ey
ydk, and onepostive RAST tolysozyme: Shehed ane positive skinHorick test to common
arbomedlagans nandy tomites Her tatd saum IgE levd wasmodaady devated,

IDs6067 and 6028 were d o dassfied ashaving probetle oooupetiond agthmaby our
aiteia Oneworked ssablender, theather asan egg lreska. They bath hed symptamdtic
bronchid lahlity on &t leet oneday, ugpgestivedof aghmg; their brondhid [ty wesnat
aoviody tempordly rdaed towark from the PEFR tradingsdone: Each hed only onepostive
sinor RAST togg pratens Theexamining physdan conduded thet pertiapent 6067 hed
oooupdtiond asthmawith assodated rhinitis on exposLreto egg ydlow ponder; and paticpent
6028 hed possble non-oooupetiond aghma, anustis and conjundivitis

Four partidpentsweredassfied ashaving "possble’ oooupetiond aghmalby our survey-besed aiteria
Desipionsdf thepartidpertsfdlow.
ID 6003 Thispatidpant hed worked a Ballas Egg Corparation for over thirty years Hewasa

nonkamoker. He hed bean diagnosed gppraximatdy seven yearsprior to our Surnvey, to have
aghmardaed to hisexposretoegg produds Hedenied ahidory of eczemaar heyfever, but



dated hewesdlagictodud, mdds adgass Hedaied afamily higory of eshmg heyfever,
o eczama By quesionrdre, hergported thet gopraximatdy thirty yearspriar to our survey he
hed begun to havewheezing, ortnessof breeth, and chet tightness which herdaed to
workplaceexpoauresto died eggwhites: Hissymptoms oooured lessfrequently on daysaway
framwork thenonwarkdays Theexamining physidan noted dight wheezing on foroed
expiration, and conduded besed upon hisdinicd hidory thet he proloebly hed oooupetiondl
adhmag, with assodated rhintisand conjundivitis plusnonrocoupetiond rhinitisand conjundivitis
onexpoauretograss duds andmads  Hispumonery fundion tests (foroed sairometry)
demondrated areridivepettem. HisPEFR deermingionsdemondrated as/mptometic
bronchid Itility on onedf faur daysfor which hepaformed thedetamingtions: Hehed poditive
sinHorick teststo fectory whdeegg and eggwhite HSwhdeegg, egg yak, and eggwhite ad
to condlbumin, lysozyme and ovamuoaid. All isRASTswearenggdive Hehed positive
inHrick teststo 9x commonarbomedlagans  Histald saum Ige wasnonmd.

ID 6019 Thispatiapant hed warked a Bdlas Egg Produdis goproximetdy two yearsprior to
our arvey. Hehed a9 peck-year hidory of amoking. Hedenied any parsond ar family higary
of esthma eczamg or hayfeve. By quesionréire, hereported wheszing and chedt tightness
tamparaly rdated towark, which begen goproximatdy four months dter heving beenhired. The
examining physaan conduded he hed imitert regaratary symptomsanexposuretodilainead
desning agats but noted thet the possibiility of cooupetiondl aghmawes suggeded by hishistary
and coud nat beexduded by dinicd evdugtion. Hispumonary fundion testswerenonmd. His
PEFR ddemirgtionsfaled to demoretrate any sgnificant bronchid lahlity. Hehed no posiive
kinHrick test to egg dlergansar tocommon arbomedlergas Hehed onepostive RAST to
fadoywhdeegg. Hisssumtod IgE levd wasnomnd.

ID 6029: Thispatidpant hed bean employed a Ballas Egg Products Corparation for
goproximetdy 9x yearsprior to our aurvey. Heworked intheblendingroom. Heheda10
pack-year Snoking hidary. Hedenied any parsond hidary of esthimea, eczamg, or hayfever.
Appraximady threeand onehdlf yearspriar to our Survey, hereported begiming to
expaianewhezing, Sortnessof bresth, and dhet tighinesstampardly rdaed towork. The
examining physidan conduded he prabebly hed cooupetiondl asthmawith assodated Snusitis
rhinitis and conjundiivitis on expoaLreto powdered eggwhite: Hispulmoneary fundiontests
waenomd. HisPEFRR deamindionsdd nat reved symptometic branchid Idlity onany of
Svendays Hehed postiveskinoridk teststo four egg dlegans neamdy, HSwhdeeggad
egg white condloumin, and lysozyme: Hehed positive RASTsto cordbuminand lysogyme: He
hed positive skinarick teststo Sx common arbomedlegans  Histad ssum|Ige levd wes
modaady devated

ID 6046. Thisworke' hed been employed a Bdlas Egg Produds Caparaion for
gooraximetdy Sx yearsprior toour uvey. Hewarked inthecandingroom. Hehed a5
peck-year anoking hidary. Hedenied any parsond or family hidary of adhmg, heyfever, or
ezama Appraximetdy four monthsprior to aur Survey, he begen to expariencewheszing
whichhebdieved wes



@

tempordly rdated towark. Theexamining physidan condudad he possibly hed cooupetiondl
aghmaaor expoaureto dried egg powder, with assodated snusitisand conjundivitis His
pumonary fundion tedswearenonmmd, and isPEFR ddemingtionsdid nat reved bronchid
[ahility onany of the seven daysfar whichwehed deta. Hehed positive skinHarick tedsto
fadtory whdeegg and egg white HS egg whites and cordloumin, ovomuoaid, and lysozyme:
Hehed poditive RAST sto fadtory egg white, coneloumin, lysozyme, and ovomuoaid. Hehed
no postiveskinaridk tessto common arbomedlegas  Hisssumtad 1gE levd wasnonmdl.

O theathe partidpantswho werenat dassified ashaving cooupationd agthima, dther probeblear
posshle anumber hed morethen one positive skinjaridk test or RAST toegg dlagas Itisposshletha
theseindviduelsmight go onto develgp ocoupetiondl adhmaa somelaer dete For indance D 6004,
who hed three pasitive skin tets and two positive RA ST s to egg prataing wasthought by theexamining
physdanto haveinitant rearatary symptomsan expoaureto dlaineand deaning saluions with rhinitis
ID 6018, who hed seven poditive skin tesisand five postive RASTS wasthought by theexamining
physdanto havenontoooupaiond Snustis

Two patidpansinthemedicd falow-up hed drangeson thar pumonary fundion testsuggestive of
svaeredidivelugdsese Theethreeindvidudsweerdared tothe Allegy dinicof the
DesoonessHosaitd, Gindnneti, Ohio, &t NIOSH'sexpanss, to undergo further examirgtionsto rueout
thepresnced interdiid lung dissese: Bath individuelswerediagnosad by thedlergy conalitart to
NIOSH, ashaving asthma, moet likdy cooupetiond athma.: Neather individud hed any evidence of
inerditid lung dseese

ANALYSSOFMEDICAL SURVEY DATA

Weadminsered the questionrareto 96 of 99 (9/%) curat employess Of thethree
nonHregoondants two weareunavaladefor medicd reesonsunrdated to posshlework-rdaed
reniretory diseese, and onedadined to partipete. Regponsesto the sreaning questions namély,
wheezing, Sortnessof breeth and dhest tightness aresummaizadin Teble8.

Twenty of 22 respondentswho reparted work-re ated wheezing, andlor work-rd ated shortness of
bregth and chest tightness; threedf ninewho reparted work-rdated shortness of breeth or chet tightness
done and4 of 15who reported wheezing, hortnessof bregth, or dhest tightness; thet wasnat
wark-rdated; partiapeted inthefdlow-up examingions: Hity denied wheezing, shartness of breeth, or
dhegtighiness Ningean of 30 asymptometicswho wareinvited, partiapeted inthefdlow-up
exanrgions

Thephysdansdinicd asssssmants and thedassficaions of partiapentsbesed upon the Surnvey-esd
aiteig aecomparedin Tde 9. (Natethet whilethe physdansasssssmant of oooupetiond adhmahes
anly onecategary, namdy, “posshle’, the survey-besad dassfication of egg adhmaisdivided intotwo
categories namdy, "probeble’ and “posshle’. TheKgppadatidic of 0603 damondratesmodaae
ageamat® bewen thetwo,



VIII.

Weaeressongdly oatain thet theeght partidpentsfor whom therewes diagnostic conocordence by two
indegpendart, dbat impafed, tets (physdans asssssmeant and urvey-besed aiteia) were corredtly
dasdfied®® Tebles10and 11 summaizeby job categary, the rumbers of quesionréaire reoondarnts,
partidpenisin thefalow-up examingtions and dudlly diagnosed casesdf egg ashma. Theedimated
minimum prevdence o cooupetiond ashmaineechjab calegary isgvenin Teble 11 Theetimeted
prevdencesareminimum, Snceit isposshletihet onear moreof the quesionnéairerespondents exduded
from partiapation inthefdlow-up, mey havehed cooupetiond eshma: Thenumaratorsdf theesimeted
prevdencearethusminimum counisd likdy egg ashmeicswithin theant, whilethedenomiretarsare
totd countsof questionnéaireregpondantsby jab dassficaion

Theetimaed minmum of prevdence of egg ashmawithinthepat asawhdeis8%. By aurat jdo
dasdfication, theedimeted minimum prevdencevaiesfram 0% among warehouse, meintenenceand
deantup, exg ydlow exposed, and "ather™ workeas to 16% among egg bregkars Itisimpartant tonote,
thet egg asthmahes coourred among employess exposad prinnaily to theliquid raw egg agrosdls
genaad inthetrander and the breeking rooms and anong employess exposed primaily to dried egg
dud inthedrying and blending aparaions

Theesimated prevdence of egg eshmafar dficeworkers egg whiteexposed, and dendingwarkas are
bessd ypon onecasein eech job dassfication. Becausedof sl numbars and the propensity for currant
jobto misdassfy warkershy rdevant (with regpect to the predipitation of egg esthmi) jab expoaures any
parcaved trend in prevaence by job aught to bevieved with caution. For example thedfficewarker
dasdfied ashaving "egg ashmd’ reparts hebecame sansitized asaconssquence of hisexpoauretotheey
whitedye. Asanadminidrativeparson, heisadeto asad thedroumganoessthet predpitate his
g/mploms Tahle12 smmaizestherdaionship of atopy and egg aghma. Theprevdence oddsratiofor
aopy anong dudlly dassfied egg asthitics varaus nonssymptometics withinthefdlon-up patiapents is
11 Theprevdenceoddsratio for falow-up partidipentswith work-related symptoms not cuglly
dagnossd ss g adhmag, varsus nonssymptomdics is08.

DISCUSSON

Theaigrd intent of thishezard evelugiion, plusthe Smilar hezard eveluation condudied & Edhaville Foods (HETA
86-447) and thefallow-up evauation a Souxpreme BEgg Produdts Inc. (HETA 86-446), wasto atampt to
replicatetheaigind Souxprame Egg dudy (HETA 84-163-1657) and detemineif casesof |gE-mediated
oooupdtiond asthmadueto arbome egg expoares could befound dsenherein theegg processing indudry. An
additiond god of the Eshanille Foodshezard evdugtion westo daemine the prevdlence of |gE-mediated
oooupetiond asthmadueto egg expoauresa aplant where eggs weere broken and separated, but nat dried. We
have damongrated thet | gE-mediated cocupetiond adhmaispresant & eech of threeegg processing plantswhare
we have condudted hezard evdugtion uveys Webdievetheevidenceto beindsputedle, thet therisk for
|gE-mediated oooupetiond asthmaamong egg-exposed workersisganardized within the egg processing indudtry,
and nat jugt limited to theaneplant thet westhesite of our initid evalugtion

Overl, by plat, the prevdlence of egg asthma(by resridive case aritaia) vaiesfrom fiveto ten paroart. By job
dasgficationwithin plart, the prevdenceisashigh as 33% (among candersa the Eshaville Foods plart).



Woarkersexposad bath to liquid aerosdls of raw eggs aswell asto dried egg produdts, devd op IgE-mediated

oocypationd aghmafromegg exposres: Employess exposureto dilarideions HA, and H,S0, werewel bdow
any recognized exposrequiddines: Theword posshle exposure soanaio, consdaing expoareto thetiree
contaminents can becdauaed asfdlowsfram datain tebles| and 2

Highest BExpoare Bvdudion Qritaia

Conoanraion (ACGIHTLV)
_(mgim) _ (o)
Chlaideion 0.065 3
HA 0036 7
H,S0O, 048 I
0065 + 0036 + 048 = gudaevdue
3 7 I
002 + 0005 + 048 = 08506

If thisguidence vaue exaesded one, theexposurewould be consdered patentialy hezardous: Snceitisbdow this
vaug itisunlikdy thet theexpoareswill causeadvarehedth effeds unlessthesesbdancesare playing ardeinthe
systizaion processar if anindvidld ispaticuiaty sendtive

For some samplesaatained in the peckaging and drying rooms tatd dugt (aerosdl mess) recommended limitsweare
exosdad Resarddedud (aarosdl mess) weredl bdow gpplicalerecommenddionsand dandards For
caresponding samples resarebleaarosdl messlevdswaremuch lower thentald aarosdl messlevds Evauding
theemployess expoareto tald and regairddle pratein and aarcdlergans (ovalbuming ovomucald and lysozyme) is
dfficuit. Thereareno cooupetiond exposure dandards or recommendaions pedfic for egg dud. Egg pratanscan
caredlegcreadions thus thenuisance dust recommenctionsarenat gopliccle However, severd of the
sarplesinthedryer and packaging oparationshed totd protain concantrations exossding [0 Mg/,

Thissgudy demondrated the pressnce of arbame prateinsand agradlergansin aesswherebath wet and dry
processsswerebang parformed. Bxpoauresto eng protein can ooour ssaconsaouence df aarasdlization of dirty
eggwashwae whichwasshownto contan

I mg/ml of praiein. Candersgapear modt heavily Uigjected to the feam exposresfrom eggwadha's: Expoauresto
€0y pratain dust can ooour & thedrying and pedkeging oparaions: Thedried egg produdis contain 34-8% pratein.

Thearedoesnat gopear to beany direct carrdation betwean any of the aarcdlergans mesared and tald aerosdl
conoairation

Conird of oooupetiond adhmaamong egg exposad warkerswill requireacherenceto expoaLrelevdsthet are
moreredridivethen thedosest prevaling sendards



IX.

RECOMMENDATIONS

A

Eviromaid

Recommandationshave previoudy been medethet are gpalicableto contrdling arbome egg expoaresa
thisplant. Theserecommandaionswerecontaned inthergpart of thefirst hezard evelugtion, where"eg
adhmd’ wesfird identified [1], inthe contrd techndlagy repart wiittenin Suppart of thefdlow-up evalugtion
a Souxpreme BEgg Produas (HETA 86-446), intheletter falloning theindueirid hygienewalk-through
uvey a BdlasEgg Produds and intheinteim regpart of themedicd aunvey @ BdlasEgg Produds The
fdlowing recommeandtionsare complled veretim fram these arigingl souroes

Oooupetiond exposures can be contrdlled by thegpdlication of anumber of well-knoavn prindples
induding enginesring mesaLres work practices; and parsond pratedion. Theseprindplesmay be
godlied a or near the hezard source, to the genard workplace evironmant, or & the paint of

oocypetiond expoaretoindviduls Contrdsgpdlied & the source of the hezard, induding enginearing
mesares(metaid sLititution, processieuipmeant modification, isdlation or autometion, locd veertilation)
andwork predtices aregengrdly the prefared and modt effedive meansof contrd bathintemsof
oocypationd and evironmentd concams: Contrdswhich may be goplied to hezardsthet have escaped
into thewarkplaceevironmant indudedilution ventilaion, dugt sppression, and housekesaing. Contrd
mesaresmey do begoplied near individud warkers induding the use of isdlated contrd rooms isdlation
boaths freshar howers improved work pradtices and parsond pratediveequipmeant.

Ingenerd, acombingtion of the above contrdl meeaLresisrequired to provideworke protection.
Processand workplaoe monitaring devices, parsond exposure monitaring, and medicdl monitaring are
impartant medhenismsfar providing feedhedk conoaming dfedivenessof thecortrdsinuse Ongaing
monitaring and meintenence of contrdsto insure proper useand operaling conditions, and theeduication
and commitmeant of bathworkersand menegamant to cooupetiond hedth aredoimpartart ingredientsof
acomplete efedive and duradecontrd program.

Theseprindplesaf contrd goply todl stugtionsbut thar gatimdl gpplicationvatiesfromcasetocae A
dsousson of the probebleexpoaresources aswel asthegopication of theabove prindplesare
dsoussd inthefdloning sedionsfor eech processing area

Trande room: Vishleaaosd excgped from thefreshly waehed eggs from the conveyor enranceand
exittotrewashe. Sncetheweashwaeter iscontamineted by broken eggsand isredradated for the
fivehour produdion run, thismis mey beanimpartant source of expoareto egg praten. Thelbresking
roomismantaned under postivepressre: Thareforg any mist generaled duning egg bresking escpes
through thetrandferbresking windoasinto thetrandfer room. The.contrd drategy addressesthetwo
mgor agrosdl ourcess(thewadher and thetrander window) and theladk of fresh ar sy tothearea

Although thehdlogen (dlaridear iodide) ionsin theegg weshing areado nat gopear to bethecause of the
adhmetics/mptoms theventilation sygem from thewedhing medhinescould becomedted diredly toa
roof mountedfan. Thiswould provide mare postiveremovd of thedecontamingtionmist.



|delly, dl themigt sourossin thebreeking room could be contrdlled, thus dimingting the trangfientresking
windowsasan expoaresourcefor thewarkasinthetrandier room. Becausedf thedifficuity invalvedin
aooomplishing complete contrdl inthe bresking room, exneust hoods should be placed diredly ebovethe
tranderoresking windowsto contan theair leaving thebresking room.

Toprevent locdized cdldhat goots and to avaid drelts thear edheudted from thetrangfer room should be
rgdacsd with deen, temparad ar. Thismekeup ar should beddrbuied withinthetrandfer room. To
recavethemaximum berdit from thisdeen dir, it should beintroduced diredtly abovethecander and
lceder wark dationsinthefomaf alow vdoaty ar Sowe.

Breskingroom: Theoonird drategy for thebregking room hesthreedemats minmizng theganardion
of eggroontaining aerosdl, containing theescape of the generaled agrasdl, and diluting any aerosdl thet mey
exge

Theay bresking mechines ulilize compressad ar toremoveegg dlsandlar yok. Pressregauges
should beindgdled on esch mechine and the pressLre redluioed to the minimum necessary to aocomplishthe
tesk of Shdl andlar ydk ramovd. Ventun typenozdesareavalablewhich useasl quertity of
compressed ar toinduce mation of theambiant ar. Thistyped nozdegparatesa much lowver
pressuresreadtinginmarear movemat & lower ar veoaty, therdoy reduding the praboetallity of
aomization, andlovaing naielevds

Theegg bresking medhineshoud beendossd ssmuch asposshle Locd exhaug vettilaioninthe
bregking room should be provided to contain the mist generated by the egg breeking mechines: BExhautt
hoodsshould beinddled over thetrander roomwindows

Torexdvethemaximum bandit fram thedeen mekaup ar, it Should beintroduoed diredly ebovethe
bresking mechinegparaors

Padkagng aparations The peckaging gparaionislabor intensve, requining reptitivelifting of filled baxes
and many sgsfor thecompleion of eech pedkage. Lacd exhast veartilation should beprovided at dl
paintsdf trandfer of dried produdt, to contrd dugt duringlfilling oparations: Thedischargeframaroof
mounted exhad fan should beaway fromdl posshlear inesto prevert reatrainmat of eggdug. This
sydem shoud adequeatdy pratedt warkersfrom large quantities of egg dud, but will not protect the
sstizad worker from expoaureto low levdsof egg dus.

Dryes Itisrecommended thet assaminimum, dug-exposad oparatorswear aNIOSH-gpproved dust

andmid resairator during deening of thedryer. Erployessshould beindruded inthe proper useand
caed rexardors aspat of anoverdl resairaior program

Dugt-exposad employess hould beingrudted nat to blow thar dathes off with acompressad ar hose



B. Medicd

Evay worker with ashmardated toworkplace expoaureto egg pratensshould be offered awark
asggnmat thet will minmizeinhdlaiond egg equosre. Eachworker should beassessed by aphysdan
convasatinthemenegamat o theashmeic patient, and recdve gpimd thergpy far trestment of athma

Eachwarker who devd gps gaisodicwheszing, shartness of breeth, andlor chest tightness, or ather
s/mptomscompatiblewith esthma, should beevdueted for workplacerdaed aghma: Thediagnods
requiresacompaide higary, with documentaion of reversblegaisodic arwaysaodrudion. If
oooupetiond esthmaisdiagnosed, then the preosding recommendtion would goply.
Rasonsinwhom Ige-mediaied hypersansitivity reedtions have been documented should nat receive
immunizationswith vaodnesgoanineggs Thevaodnemce likdy to bedffered toan adlitisthe
influenzavaoare Y dlow fever vaodneisaso manufadiured ineggs and would be contraindicated.
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throughthe Nationd Tedicd Informetion Savice (NTIS), 5285 Part

Royd, Syingfidd, Virgna22161. Infomeionregardingits

avalahlity through NTIS can be dataned from the NIOSH
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Table 1
Area Chloride Ion Sampling Results
Ballas Eqg Products
Zanesville, Ohio
HETA 86-461

March 5, 1987

Sample Description

T VoTume
Area Job Description/Location Time (m3) Chloride Ion Concentration (mg/m3)
Transfer room Loading area - line no. & 11563-1603 0.25 0.065
Transfer room Candling area - line no. & 1153-1603 0.25 0.056
Breaking room Breaking machine - line no. 5 1163-1603 0.25 0.023

Analytical Limit of Quantitation:
Limit of Detection:

0.0076 mg/sample (approximate 0.03 mg/m3)
0.002 mg/sample {approximately 0.008 mg/m3)



adz1


Table 2
Area Acid Gases Sampling Results
Ballas Egg Products
Zanesville, Ohio
HETA 86-461

March 4, 1987

Sample Description Acid Gas Concentration (mg/m3)
VoTume
Area Job Description/Location Time (m3) Hydrochloric Acid Sul furic Acid
Transfer room Loading area - line no. 5 0910-1503* 0.055 0.036 ND
Transfer room Candling area - line no. 5 0912-1505* 0.015 ND 0.48
Breaking room Breaking machine - line no. 5 0908-1507* 0.057 ND ND
7.0 {ceiling) 1.0 (TWA)

OSHA**

Analytical Limit of Detection: for hydrochloric acid 0.006 mg/sample
for sulfuric acid 0.004 mg/sample

ND = Non-Detectable Concentration
* = Sampling discontinued during cleanup
** = Evaluation criteria is the Occupational Safety and Health Administration (OSHA) permissible exposure limit as a ceiling

or time-weighted average (TWA) concentration.
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Table 3
Area Aerosol Mass Sampling Results
Ballas Egg Products
Zanesville, Ohio
HETA 86-461

March 4-5, 1987

Sample Description Aerosol Mass
VoTume Concentration {mg/m3)
Area Job Description/Location Time (m3) Tota) Respirable
Yellow dryer rotex room Three feet from sifter filler 0851-1542 1.1 0.06 -
Yellow dryer rotex room Three feet from sifter filler 0851-1542 0.74 - 0.01
Yellow dryer rotex room Three feet from sifter filler 0813-1534 1.1 0.09 -
Yellow dryer rotex room Three feet from sifter filler 0813-1534 0.75 - 0.04
White dryer rotex room On frame above sifter 0900-1534 1.0 3.6 -
White dryer rotex room On frame above sifter 0900-1534 0.7 - 0.48
White dryer rotex room On frame abhove sifter 0759-1539 1.2 n -
White dryer rotex room On frame above sifter 0759-1539 0.78 - 0.25
Blend packaging room On work table near packaging operators  0852-1455 0.91 K} -
Blend packaging room On work table near packaging operators 0852-1455 0.65 - 0.15
Blend packaging room Below sifter near filler 0808-1353 0.86 14 -
Blend packaging room Below sifter near filler 0808-13513 0.59 - 0.66

Analytical Limit of Detection: 0.0 mg/sample (approximately 0.0) mg/m3)
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Table 4
Personal and Area Protein Sampling Results
Batlas Egg Products
Zanesville, Ohio
HETA 86-461

March 4-5, 1987

Protein Concentrations (mg/m3)

Sample Description ) Area Personal
Area ' Job Description/location Time Volume[m3]  Total RespirabTe  Total

Transfer area Candler/leaker/loader-line no. 5 0759-1626* 1.2 - - 0.48
Transfer area Cand)er/1eaker/loader-line no. 5 0801-1530* 1.2 - - 0.48
Transfer area Candler /1eaker/1oader 1ine no. 6 0753-1625* 1.2 - - 0.42
Transfer room candler/leaker/loader-line no. 1 0744-1612* 1.1 - - 0.40
Transfer room Leaker-11ine no. 1 0746-1047 0.45 - - 0.3
Transfer room Candler/leaker/loader 0752-1440* 0.89 - - 0.37
Transfer room candler /1eaker /1 oader 0754-1616* 1.1 - - 0.37
Breaking room Breaker-line no, 5 0735-1624 1.3 - - 0.38
Breaking room Breaker-1ine no. 2 0739-1623* 1.2 - - 0.17
Breaking room Breaker-line no. 3 0742-1625* 1.2 - - 0.25
Yellow dryer rotex room Three feet from sifter filler 0813-1534 1.1 0.30 - -
Yellow dryer rotex room Three feet from sifter filler 0813-1534 0.75 - 0.22 - ..
Yellow dryer rotex room Three feet from sifter filler 0851-1542 1.1 0.23 - - '
Yellow dryer rotex room Three feet from sifter filler 0851-1542 0.74 - 0.40 -
Yellow dryer Dryer operator 0830-1407 0.84 - - 0.72
Yellow dryer fotex operator 0722-1403 1.0 - - 0.37
White dryer rotex room On frame above sifter 0900-1534 0.99 8.0 - -
White dryer rotex room On frame above sifter 0900-1534 0.7 0.77 -
White dryer rotex room On frame above sifter 0759-153¢9 1.2 25 - -
White dryer rotex room On frame above sifter 0759-1539 0.78 - 0.72 -
White dryer Dryer opkrator 0825-1358 0.83 - - 10
Blend packaging room Packaging operator 0822-1435* 0.83 - - ki
Blend packaging room Packaging operator 0821-1440* 0.93 - - 11
Blend packaging room On work table near packaging operators 0852-1455 0.65 - 0.41 -
Blend packaging room Rotex operator 0729-1100 0.53 - - 130
Blend packaging room Below sifter near filler 0808-1353 0.86 kY4 - -
Blend packaging room Below sifter near filler 0808-1353 0.59 - 0.35 -

Analytical Limit of Quantitation: 0.10 mg/sample {approximately 0.10 mg/m3)

MD = Non Detectable Concentration
* a Sampling discontinued during lunch break
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Table 5
Bulk Sample Protein Results
Ballas Egg Products
Zanesville, Ohio
HETA 86-461

March 4, 1987

Sample Description Protein Concentration
Dirty sanitizer water from transfer area 1.0 mg/ml
Clean chlorinated spray water from transfer area 0.10 mg/ml
Clean sanitizer water from transfer area C.35 mg/ml
Clean sanitizer water from breaking area 0.10 mg/ml
Dirty sanitizer water from breaking area 0.64 mg/ml
Eqg yolk solids 25g/100qg
Paterurized free flowing dried egg yolk solids 34g/100q
Egg white solids 81g9/100g

g = grams
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Table 6
Personal and Area Aeroallergen Sampling Results
Ballas Eqg Products
Zanesville, Ohio
HETA B6-461

March 4-5, 1987

Sample Description Aeroallergen Concentration (ug/m3) Total Aeroscl
~ Volume Concentration
Area ____Job Description/Location Type Time  (m3) ovalbumin  ovomucoid  lysozyme _(mg/m3)
Transfer room Candler/leaker/loader-line no. 6 P 0804-1627* 1.2 160 15 ND 0.96
Transfer room Candler/leaker/1oader-1ine no, | P 0748-1607* 1.1 140 24 6.1 0.85
Breaking room Breaker-1ine no. 3 P 0737-1621* 1.3 112 21 ND 0.42
Yellow dryer Dryer operator P 0720-1401 1.0 106 7.9 ND 0.92
Yellow dryer Rotex operator P 0814-1405 0.88 2.1 ND ND 0.19
White dryer Dryer operator P 0724-1358 0.99 93 351 672 9.8
Blend pack. room On work table near packaging opers. A 0852-1455 0.9 223 10 2.3 28
Blend pack. room Packaging operator P 0726-1348* (.85 161 239 19 28
Blend pack. room Box maker/feeder P 0728-1350*% 0.86 132 262 65 11
Blend pack. room Below sifter near filler A 0808-1353 0.86 182 10 2.2 14
Analytical Limit of Detection: (approximate) 1.0 1.0 0.03 0.0

= Personal Sample

= Area Sample

= Non Detectable Concentration

= Sampling discontinued during tunch break.

* O w0
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Work-rdaed symptoms
Symptometicbrondhid
[hality

Oneor marepodtive
prick-testsar RASTs
toeyg praens

TABLE7

Survey-Basd Diagnodic Gritaia

Derived from Questionnare Responsss Peek How Data,

andImmundogc Tedts

BALLASEGG PRODUCTS
ZANESVILLE, CHIO

HETA 86461

Possble

Pabable Rosshle Non-Occup.

EcpAdhma EcpAdhma Adhma

YES YES YES
YES NO YES
YES YES NO

Posshle
Imitart

YES

NO

NO



TABLES
Numbersdf Respondanisto Quesionnaire,
By Reparted Symptoms and Tempord Rddionship of Symptamsto Work
BALLASEGG PRODUCTS INC.

ZANESVILLE, OHIO
HETA 8646
Number Patidpetedin Fdloa~up

Work-rdated symptoms

W, OB, andCT 9 9

Wad SOB 4 3

WandCT 5 4

W anly 3 3

SOBadCT 1 1

Sibtod 2 2

OB anly 6 1

CTaly 3 2

Sibtod 9 3
Symptomsnat work-rdated

W, OB, adCT 0 0

Wad SOB 1 1

WadCT 1 1

Wanly 3 2

SOBadCT 0 0

OB anly 0 0

CTaly 5 0

Sibtod 10 4
Norns/mptometic

Invited for faloa-up 30 19

Exduddfranfdlorup 25

Sibtod 55
W = Whezng



TABLE9
SQurvey-Basad Aasdfications

BALLASEGG PRODUCTS
ZANESVILLE, CHIO

HETA 86461

+PFROBABLE +POSIBLE +POSIBLE  +POSIBLE + OTHER +

PHYSICIAN +OCCUP.  +OCCUP. +NON-OCCUP.HRRITANT ~ +INCLUDING +
DIAGNOSS +ASTHMA  +ASTHMA + ASTHMA  +SYMPTOMS  + NOSX. +TOTAL
+ + + + + +
POSSBLE + + + + + +
OCCUP. + 4 + 4 + 1 + 3 + 1 + 13
ASTHMA + + + + + +
+ + + + + +
POSSBLE + + + + + +
NON-OCCUP.  + 1 + 1 + 2 + 3 +0 + 7
ASTHMA + + + + + +
+ + + + + +
POSSBLE + + + + + +
IRRITANT +0 + 0 + 0 + 6 + 1 + 7
SYMPTOMS + + + + + +
+ + + + + +
OTHER + + + + + +
INCLUDING + 0 + 0 + 0 + 2 + 17 + 19
NO SX. + + + + + +
+ + + + + +
+ + + + + +
TOTAL + 5 + 5 + 3 + 14 + 19 + 46
+ + + + + +
KAPPA =0603
VAR(K)=0005
SE(K)=0068

X =§ympoms



Office
Wardhouse
Cading&
Traying
Bresking
Mantenenoe
& Clearrp

Whiteexposd
Ydlow exposd

Bledng

Tae

19

N O O 0

TABLE10

Summary of Quesionnaire Respondants by Symptomsand Jb

Numba* of

As/mptomeic

Regpondants

63
43
14(3)

9(2)
7(4)

3()
6(1)
4
2()

55(19)

* Numbeasd patidpentsinfdloa~up aein perantheses

** "Highility" iswith regoect tofdloa-up patidpeion aitaia
edeblished for thesudy a the EshavilleFoodsplat. So-caled

dighlesymptoms(sx) waerewheezing, andlor shortnessof bresth and
dhest tightness (1., both reported ymptoms).

*rx ndigiblity” likeniseiswith reoect to flow-up perticipetion
aitaiaetahlished for thestudy a the Eshaville Foodsplart.
So-cdledindighlesmptomswearewheszing, shortnessof breeth,
andlor chedt tightness, nat tempordly rdaed towark; or shortiness
of bresth or dhet tightnessdong, regardessof tempord
rdaionshiptowark.

BALLASEGGPRODUCTS
ZANESVILLE, OHIO
HETA 8644

Number* of
Regpondants
with
Highle Sc**

Not
Work- Work-
Rdad Rdad
1(1) 0
0 0
7(7) 3
7(7) 1(2)
1D 1D
43 0
0 0
200 0
0 0
22 (20 5@

Numba* of
with
Indigke
S(.***

Work
Rdaed

10
50

1(2)
200

o O OO

903

Not
Work-
Rdated

10
200

10

10

5(0)



TABLE11L

Edimeted Minimum Rrevdencedf Oaoupetiond Adhma

BALLASEGG PRODUCTS
ZANESVILLE, OHIO
HETA 8644
Edimetedt™*
Repondats  Minmum
withDued Dx.  Pevdence
of OA* o OA
Cffice 1 14%
Warehouse 0 0%
Cading& Traying 2 6%
Bresding 3 16%
Mantenance 0 0%
& Clearrp
Whiteexposad 1 13%
Ydlow exposd 0 0%
Bledng 1 17%
Other 0 %
Tad 8 8%

* All dudlly-dassfied OA wereamong patiapantswith work-rdated
s/mptoms(eg., wheszing, hortnessof breeth, or chedt tightness).

** Totheextent thet questionnéire regpondentswio did nat partidpete
intrefdlow-up adudly hed oooupetiond aghma, butwert
undiagnosed becausedf thar exduson fram thefdloa-up
examrgions theesimated prevdences of cooupaiond ashmaare
uderedimetes Theedimetessminmizetheszed thenumaraars
(thenumbarsaf dudly diagnosad cooupetiond aghmetics) and
maximizetheszed thedenomingtars thenumbarsof quetiorére
respondanisin eech jab dassification).

Dx=dagss
OA = oooypdiond aghma



TABLE12
Atopy

BALLASEGG PRODUCTS
ZANESVILLE, CHIO

HETA 864d

YES NO Tad Rdio*

Dud Diagnossaf OA 2 6 8 11

Symptometic,
Nat Dud Diagnogsaf OA 4 17 21 08

Nons/mptometic 4 13 17

Toe 10 36 46

* Theoddsraioiscadauaed with repect the nonksymptometics
OA = oooypdiond aghma



FIGURE 1

PEAK EXPIRATORY FLOW RATE
CASE NO. 1, ID 6038

BALLAS EGG PRODUCTS
ZANESVILLE, OHI1O
HETA 86-461
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FIGURE 2

PEAK EXPIRATORY FLOW RATE

CASE NO. 2, ID 6050

BALLAS EGG PRODUCTS
ZANESVILLE, OHIO
HETA 86-461
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FIGURE 3

PEAK EXPIRATORY FLOW RATE
CASE NO. 3, ID 6065

BALLAS EGG PRODUCTS
ZANESVILLE, OHIO

HETA 86-461
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FIGURE 4

PEAK EXPIRATORY FLOW RATE
CASE NO. 4, ID 6023

BALLAS EGG PRODUCTS
ZANESVILLE, OHIO

HETA B86-461
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